The calculation of free energy differences of a system is of great importance as the rate and extent of many if not all chemical and biophysical processes are governed by the nature of underlying free energy landscape. In this study the preferential binding of 3-(5-chloro-2, 4-dihydroxyphenyl)-pyrazole-4-carboxamide (4BC) and Heat shock protein 90(Hsp90) molecular chaperone has been evaluated using molecular dynamics simulation. A soft core potential was used during the mutations to facilitate the creation and deletion of atoms. Trajectory analysis showed a stable equilibrium after energy minimization. Potential energy plot showed equilibrium around -69520 and -183859 kJ/mol for Hsp90 and Hsp90-4BC. Kinetic energy also was calculated for Hsp90 and Hsp90-4BC as 44500 and 65928.29 kJ/mol, respectively.
Introduction
Molecular chaperones are proteins which have a key role in the maintenance of conformation, stability and function of client proteins within the cell. Heat shock protein 90 (HSP90) is a molecular chaperone that has several oncogenic client proteins involved in signal transduction, cell cycle regulation and apoptosis and has recently become a focus of interest as a potential anticancer drug target [1] [2] [3] [4] [5] [6] . It has been shown that several natural products and their derivatives have anti-tumor activity arising from inhibition of the intrinsic ATPase activity of Hsp90 [7] [8] [9] [10] . Inhibition of Hsp90 activity results in the proteasomal degradation of client proteins causing cell growth arrest and/or apoptosis in cancer cells 11 .
The geldanamycin derived inhibitor 17-AAG (1b) has entered phase II clinical trials and initial results are encouraging, providing proof of principle for Hsp90 inhibitors as cancer therapeutics [12] [13] [14] . However, 17-AAG has several potential limitations including poor solubility, limited bioavailability, toxicity and extensive metabolism 15 . These issues and the inherent chemical complexity of the compounds have led to significant efforts to identify small molecule inhibitors of Hsp90 [16] [17] [18] [19] . Figure 1 shows some of the chemo types recently identified as potent inhibitors of Hsp90 16, 20, 17 . Estimating differences in free energy is central to the process of rational molecular design. This is because all equilibrium properties of a system such as phase behavior, association-dissociation constants, solubility's, adsorption coefficients and conformational equilibrium depend on differences in free energy between alternative states. Free energy differences are essentially related to the relative probability of finding a system in a given microscopic state. Many empirical approaches have been developed to estimate interaction or binding free energies between proteins and ligands. However, only by using an approach that samples an appropriate thermodynamic ensemble of states, such as molecular dynamics (MD) and monte carlo (MC) simulation techniques, from which it is possible to get thermal averages over microscopic configurations at an atomic level, can differences in free energy between two states of a system, be estimated directly [21] [22] [23] [24] [25] [26] [27] . In this manuscript, the relative binding affinity of 3-(5-chloro-2, 4-dihydroxyphenyl)-pyrazole-4-carboxamid to heatshock protein 90, an anticancer target is evaluated using molecular dynamic simulation.
Figure 1. Structures of the identified dihydroxyphenylpyrazole compounds

Experimental
Topology of the blocker was generated by manually adapting the output of PRODRG 30 for the force field 29 GROMOS53a5. The starting structure for the heat sock protein 90 was a crystallographic coordinate obtained from protein data bank (PDB code 1YC1) 32 .
Molecular dynamic simulation
The protein molecule placed in a truncated octahedral box with an edge approx 0.5 nm from the molecule(s) and consequently solvated with 7295 water molecules per amino to give a system of around 7305 molecules per experiment. As each helix has a net charge of -8, positive sodium ions were also added to compensate for any extra charge within the simulation box. The solvated system was equilibrated for 200 ps with the protein restrained, followed by the production phase of fully unrestrained 200 ps MD simulation. For MD simulations GROMACS v 3.1 1 software was used. Simulations were run at 300° K in an isothermal isobaric ensemble (NPT) 32 . Periodic boundaries were present and a Berendsen temperature and pressure coupling was chosen to keep these parameters constant. The time step for the simulation was 0.002 ps. A Linear Constraint 33 algorithm was used to maintain the geometry of the molecules. Long-range electrostatics was calculated with the particlemesh Ewald (PME) 34 method using standard GROMACS parameters: grid dimensions 0.12 nm,
RMSD, nm
Time, ps Protein Backbone RMSD interpolation order 4. Double counting correction for short-range forces was applied. Lennard Jones and short-range coulomb interactions were cut of at 1.1 and 0.9 nm, respectively. The simple point charge water model "SPC" 35 was used to describe the water in the simulation box. Simulations were performed on a Pentium M 725 processor with a dual Centrino 1.6 GHz processor.
Structure was visualized using VMD (Visual Molecular Dynamic 1.8.4, http://www.ks.uiuc.edu/Research/vmd/) 36 . The trajectory was viewed using drawing methods of licorice and surface 37 for drug and amino acid, respectively. The coloring method of charge was used to draw the amino acid.
Results and Discussion
The simulation gave rise to stable trajectory, indicating that the system has equilibrated as seen in Figure 2 . The root mean square deviation (RMSD) of the backbone atoms of amino acid (Figure 3) , without blocker and in the presence of it remains below 0.12 nm with respect to their initial conformations. The pressure fluctuation also plotted ( Figure 6 ). As it was expected it is variable around zero including no unexpected deviation, showing the stability of the simulation. 200 ps dynamics simulations were performed for amino acid alone and in the presence of the drug. Plots of potential and kinetic energy were shown in Figures 7 and 8 for amino acid and amino acid in presence of drug, respectively. The potential energy equilibrates about averages of ~ -69520 and -183859 kJ/mol for protein and protein with inhibitor, respectively. Kinetic energy was calculated around 44500 and 65928 KJ/mol for protein and protein with inhibitor, respectively. We have analyzed the MD trajectories for stable hydrogen bonds between the drug and the protein (Figure 9 ). Stability of hydrogen bonds leads us to conclude that it could be relatively important to the complex and it should be responsible in stability of drug -amino acid interaction. 
Conclusion
Over the past decade, heat-shock protein (Hsp90) has begun to draw increasing attention as a novel anticancer target with unique features. As a molecular chaperone, Hsp90 promotes the maturation and maintains the stability of a large number of conformational labile client proteins, most of which are involved in biologic processes that are often deranged within tumor cells, such as signal transduction, cell cycle progression and apoptosis. As a result and in in contrast to other molecular-targeted therapeutics, inhibitors of Hsp90 achieve their promising anticancer activity through simultaneous disruption of many oncogenic substrates within cancer cells. A series of dihydroxyphenylpyrazole compounds were identified as a unique class of reversible Hsp90 inhibitors. In this study, we compared solvated Hsp90 and Hsp0 bonded 4BC (a dihydroxyphenylpyrazole) by MD simulations. The simulation was done using gromacs software and force field GROMOS 96. The simulations showed stable trajectory for both of them indicating a stable equilibrium after energy minimization. The atom-positional RMSD from the starting (x-ray) structure of the drug reach a plateau after a few nanoseconds indicating that it will reach a stable equilibrium after energy minimization although it is more variable indicative of its mobility within the binding pocket.
